Data on 4477 mares born between 1932 and 1995 from six studs were recorded. Three exterior traits were included: height at wither, chest girth, circumference of cannon. (Co)variance components were estimated by the DFREML procedure on the basis of four linear models. Model I included the fixed effects: period of birth, place of birth, breed effect (as covariable) and random effects: direct additive genetic and residuals. Model II was expanded by taking into account the maternal additive genetic effect. Third model included cytoplasmic effect as fixed (model IIIa) and random (model IIIb). Direct heritability estimates varied from 0.4 to 0.6 whereas maternal heritability estimates ranged between 0.01 and 0.25, cytoplasmic heritabilities were close to zero. Negative correlations between direct and maternal effects were estimated for all traits under study. Akaike Information Criterion suggested the highest adequacy of model I. However, other criteria (likelihood ratio test and error variance estimate) and negative covariance between direct and maternal genetic effects indicate that maternal effects should be included in the genetic evaluation of horses. In general, genetic trends were positive for the traits studied.
INTRODUCTION
Although maternal effects, which result from pre and postnatal influences of dam on progeny, were first described in horses (Walton and Hammond, 1938 ) the proportion of maternal variance in phenotypic variance has not been extensively TORZYŃSKI G. ET AL. Kadyny -580, SK Liski -1237 , SK Nowa Wioska 318, SK Rzeczna -614, SK Pępowo -615, SK Posadowo -1114 .
It must be noted that until the end of the 1950s two types of these horses were bred depending on the region. The Masurian type based on East Prussian horses, and the Wielkopolski type based on local mares mated to Trakehner, East Prussian, Thoroughbred, Arabian, Hanoverian and other western breeds stallions. The exchange of breeding material unified the population, which since 1962 has formed the Wielkopolska breed. To account for differences in breed origin the proportion of breed components was determined ( Table 1) . The average inbreeding coefficient equaled 0.00048 and 1.9%, for all and 593 inbred individuals, respectively. Hence, inbreeding effect was omitted in the further analysis. To estimate cytoplasmic variance, 555 maternal lineages were distinguished. As only individuals with known dam can be included in the models with maternal effects, the data were analysed in two subsets DATA1 (all individuals, model I) and DATA2 (individuals with full pedigree information, models II, IIIa, IIIb). The description of the data is included in Table 2 . The data was classified according to the following criteria: place of birth (six levels), period of birth (5 year periods with 14 levels), breed (7 levels). 
METHODS
To improve the normality of the distribution, logarithmic transformation was applied. (Co)variance components were estimated by the derivative-free restricted maximum likelihood algorithm (Graser et al., 1987) In the second model (Model II), random additive genetic maternal effect was included. The next two models are an alternative approach to cytoplasmic effects estimation: Model IIIa includes the additional maternal lineages effect (as fixed effect), whereas Model IIIb takes into account the random cytoplasmic effect.
The following parameters were estimated: Phenotypic and genetic trends were defined as five year period phenotypic and genetic averages, respectively. The trends were estimated via model I.
The adequacy of the models was compared based on error variance estimates and Akaike Information Criteria -AIC (Akaike, 1977) . Moreover, the significance of maternal effects was checked by the likelihood ratio test (Dobson, 1990) . The computations were performed using the DFREML package programs (Meyer, 2000) .
RESULTS AND DISCUSSION
The logarithmic transformation applied in this study improved the normality of the distribution of all the analysed traits (Table 3 ). The genetic parameter estimates are listed in Table 4 . Direct heritability of height at withers was equal to 0.57 according to model I, which corresponds to the results of Miserani et al. (2002) , but is higher than the results of Starun and Socha (2002) for the Małopolski horse h 2 a =0.305. One of the highest heritability estimates for this trait was obtained by Saastamoinen et al. (2002) for Finnish horses h 2 a =0.78. Similar pattern was found for the other two traits. For chest girth and circumference of cannon the direct heritability was equal to 0.44 and 0.55, respectively. These results correspond to the estimates of Miserani et al. (2002) 0.51 and 0.53. Lower estimates were reported by Starun and Socha (2002) h 2 a =0.27, whereas in Finnish horses (Saastamoinen et al., 2002) higher estimates were found. The differences in parameter estimates between populations may result from differences in population size, methods and models, and different genetic backgrounds of the populations. Although genetic parameters are population specific they could be informative for populations with similar origin. Low maternal heritability coefficients were estimated (Table 4) . Of all the biometrical measurements, only for chest girth this parameter exceeded 0.2 according to models II and IIIa. Despite the fact that horses were the first species in which maternal effects were described (Walton and Hammond, 1938) and later many times confirmed (Pool-Anderson et al., 1994) there are only a few publications on the estimation of maternal effects based on multigenerational populations.
Although the estimates of maternal heritability were low, these effects could bias genetic evaluation because of a negative relationship between direct and maternal genetic effects. Except for the circumference of cannon in model IIIa, negative covariance between the effects was found. A negative relationship between direct and maternal effects was confirmed in the research on cattle (Lee et al., 1997) . In TABLE 4 Genetic parameters of conformation traits in horses livestock the inclusion of maternal effects in selection programs to avoid the reduction in genetic gain was suggested by many authors (Gama et al., 1991; Van Vleck et al., 1996) . Based on the results from the studied population, a similar conclusion can be drawn with respect to horse breeding. The exclusion of negative covariance between direct and maternal effects may lead to underestimation of the direct heritability.
Besides indirect maternal genetic effects, cytoplasmic effects were estimated as well, following two approaches (model IIIa as fixed effect of maternal lineage, and IIIb as random effect). Although Akaike's criterion favours model IIIb, according to other criteria this result is questionable. It corresponds with results obtained by Tess and MacNeil (1994) . In the studied population cytoplasmic heritability estimates were close to zero (h 2 c <0.0001). Very low h 2 c estimates were also found in sheep by Maniatis and Pollott (2002) . Higher proportion of cytoplasmic variance was reported for some traits in dairy cattle by Schnitzenlehner and Essl (1999) . Moreover, inclusion of the random cytoplasmic effect led to underestimation of other variance components. For height at wither, the direct heritability estimated in the first two models was higher than 0.5, whereas in model IIIb it was equal to 0.1. The results were similar for chest girth, but opposite for circumference of cannon. Contrary results suggest caution in drawing conclusions on cytoplasmic effects. It is possible that small population size and some mathematical approximations may bias the results. It must be noted that recent knowledge does not allow to ignore cytoplasmic effects, but analysis of mitochondrial DNA polymorphism may improve the accuracy of estimation (Bowling et al., 2000) .
In order to verify the significance of maternal effects, the likelihood ratio test was applied (Dobson, 1990) . Although this method has limited sensitivity (Southwood et al., 1989) it is widely used in analysis of model adequacy, including models with maternal effects in livestock (Robert-Granie et al., 1997; Maniatis and Pollott, 2002) . The likelihood ratio test revealed significant maternal effects for all the traits studied. A second tool used to classify models according to their adequacy was Akaike Information Criterion (Lancelot et al., 2002) . Another criterion suggested for population studies (Ptak and Żarnecki, 2000) was error variance estimate. Models were ranked on the basis of these criteria. The simplest model (I) appeared to be the most adequate. Almost as adequate was model II including maternal genetic effects. Both models with cytoplasmic effects performed worse which suggests the omission of this effect in genetic evaluation of horses. However, comparing random and fixed cytoplasmic effects, the random effects model was superior. The population size (2845-4201 individuals) may appear relatively small, however the estimates based on smaller populations are also found in literature (Wewala et al., 1988) .
In general, the type traits described are characterized by high heritability coefficients. Such a result arises from a high genetic variability and low unification of the Wielkopolska breed. This relatively new breed was created on the basis of Trakehner and East Prussian genotypes (55.46%) with a high proportion of Thoroughbred (22.82%), Hanoverian and other Western breeds genes (16.74%). The proportions of other genotypes were marginal. The influence of breed components on the studied traits were balanced, which is expressed in even values of partial regression coefficients (Table 1 ). Height at wither was most strongly influenced by horses of unknown origin, whereas for chest girth and circumference of cannon the most significant components were Trakehner, East Prussian and Hanoverian breeds, respectively.
An analysis of genetic trends shows a gradual increase in the exterior traits of horses (Figure 2) . Genetic trends are generally in agreement with breeding goals in the analysed period although these traits have never been directly selected for the preferences of the type of performance horses have varied in time. An initial (until late 1950s) lack of improvement in height at wither is related to continued production of the working horse for the field. Its increase in the 1960s resulted from the mechanization of agriculture, and therefore also from the changing role of horses. An increase in average genetic value for this trait was also caused by the introduction of imported stallions of the Hanoverian breed in the 1970s. The influence of those stallions was also reflected in the chest and cannon circumference. For these two traits maximal average breeding values were reached in the 1980s, since then the riding horse for sport and recreation was preferred. In turn, in the 1990s, Thoroughbred stallions were used to improve constitution and riding performance, which led to reduction of cannon and chest circumference. To sum up, it can be said that progress in agriculture has transformed the Polish half-breed horse from a traditional working animal into a modern riding horse (Figure 1 ). 
CONCLUSIONS
Moderate direct heritability was estimated for exterior traits in the studied population of Wielkopolski horses. The estimates of maternal heritability on low to moderate level, showing a negative covariance with the direct additive genetic effects, suggest the need of including this effect in the genetic evaluation of horses, whereas the cytoplasmic effects seem less relevant. Genetic and phenotypic trends confirm the effectiveness of the current selection system and the reasonable response to selection. Balanced influence of breed components on all traits was found.
